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Wednesday, February 19, 2014 795asymptom of Parkinson’s disease, but the increased reaction time (the delay
in the sensory feedback control) can make it difficult for patients to perform
their basic tasks. Biomechanical models with feedback control theory can
not only provide diagnostic tools to measure the delay from the nature of
tremor, but can also provide a quantitative understanding of how the delay
results in other advanced-stage biomechanical symptoms such as stooping. A
mechanics-based perspective on how the tremor results from the delay has
recently been proposed in [J. Mech. Med. Biol., Vol. 11(5), pp.1017]. We
extended the same perspective to develop a proof-of-concept smartphone
App for measuring the severity of the disease in terms of the delay from the
tremor. We are also developing mechanical models of human body with neural
control based on the same perspective to simulate and analyze other biome-
chanical symptoms of the disease. We expect that such models will provide
a novel foundation for improved diagnosis, prognosis, and safer symptomatic
treatment strategies.
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Alzheimer disease is characterized by the formation of a pathological protein
agglomerations in the correspondence of the synapses that determine a modifi-
cation in the conductive signal. With the most recent theory, based on Memris-
tive elements, it has been possible to describe some conductive issues in the
neurons not well explained since the Hodgkin and Huxley model. Considering
the current’s flux as the causing factor of post behavior of the neurons (accord-
ing to Chua’s definition), it is now possible for analyses of some aspects that
can give important details in the memory’s mechanism of the neurons. Here
we report the evidence and the analysis that confirm, or not, Memristor’s
model, and an accurate characterization of the conductivity in healthy and path-
ological neurons. All the result received a rigorous electrical approach: DC V-I
curves, small-signal admittance, small-signal impedance, pole-zero diagrams,
frequency response, Nyquist diagram. We believe that this work will be
extremely important for the future develop of new drugs, capable of reestab-
lishing a correct conductivity through the neurons in patients affected by
Alzheimer disease.
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We discuss how the cognitive ability of the human brain depends on modularity
of neural activity. Modularity is a measure of the degree of correlation in the
neural activity within different brain regions, and a modular organization of
neural activity can facilitate more rapid cognitive function. Modularity en-
hances cognitive responses because it is easier and faster to rewire connections
within the modules than within the entire network. On the other hand, modu-
larity may restrict possible cognitive function at long time scales, because a
modular neural architecture is a subset of all possible architectures. Here we
studied modularity of neural activity networks in the human brain. We ex-
tracted the brain networks from functional magnetic resonance imaging in
children and adults under resting conditions. We observed that the value of
modularity increases during childhood development and peaks in young adult-
hood. We discuss interpretation of these results as selection for plasticity in the
cognitive function of the human brain. We also describe a model to illustrate
how modularity affects cognitive performance at short and long times. Finally,
we suggest that modularity can serve as a potential biomarker for injury, reha-
bilitation, or disease.
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Many animals, including insects, use visual landmarks for orientation and
navigation. In Drosophila melanogaster, behavioral genetics studies have
identified the central complex as being required for innate attraction to
particular visual features, and for short- and long-term memory for visual
patterns. Studies in several insects suggest that the region is also important
for motor coordination. Here we present an analysis of the first physio-
logical recordings from this region in Drosophila. We focused on neurons
implicated in orientation and place memory in the fly: ring neurons of
the ellipsoid body, a sub-region of the central complex, We show [1] that
each ring neuron sends dendrites to a single microglomerulus in the lateral
triangle (LTr), a multi-glomerular brain region that is a major source ofinput to the ellipsoid body. We studied the responses of complete popula-
tions of ring neuron classes using two-photon calcium imaging in head-
fixed flies that were flying or walking on an air-supported ball in an LED
arena. LTr microglomeruli show retinotopically organized receptive fields
(RF) that are tuned to specific orientations and features with excitatory and
inhibitory subfields. LTr responses to visual stimuli are diminished during
flight, but are not significantly modulated during walking. A simple linear
model based on LTr responses recorded during closed-loop flight behavior,
is sufficient to compute the fly’s heading relative to visual features in its
surroundings. We suggest that ring neurons may provide the visual pattern
information necessary for a variety of orienting and navigation behaviors in
the fly. Our results provide the first evidence for retinotopic maps in higher
brain structures in Drosophila, and set the stage for mechanistic studies of
sensorimotor integration underlying visually-guided decision-making in this
genetic model organism.
[1] Seelig J.D. and Jayaraman, V., Nature, 2013, in press.
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Prestin belongs to the SLC26 protein family, which regroups anion antiporters
capable of transporting monovalent and divalent anions across biological mem-
branes. Also referred to as SLC26A5, prestin is a motor protein essential for the
electromotility of the outer hair-cells (OHC) and therefore the amplification of
sound in the cochlea. The diffusion of prestin in the membrane has been
previously studied through fluorescent recovery after photobleaching (FRAP)
experiments, in HEK293 cells. We were able to determine that up to 50%
of the prestin population was immotile. This suggest that intermolecular inter-
actions between prestin, the membrane and the cytoskeleton are essential for
prestin organization and function. We have created transgenic mouse lines
co-expressing prestin-TFP and prestin-YFP. OHCs isolated from these mice
have prestin-induced non linear capacitance (NLC) and electromotility compa-
rable to wild-type mice.
FRAP analysis on prestin-YFP indicated that in OHCs, the entire prestin
population is immotile. This motility was partially recovered by inhibition
of the actin filament polymerization. Fluorescent resonance energy transfer
(FRET) coupled to fluorescence lifetime imaging microscopy (FLIM)
allowed us to detect and monitor the prestin-prestin interactions at the nano-
meter scale. These FLIM-FRET experiments revealed a FRET efficiency of
25-35%.
The FRAP experiments suggest a strong interaction of prestin with other mem-
brane proteins or the cytoskeleton, and the high FRET efficiency will allow for
prestin-prestin interactions to be monitored during alterations of the membrane
composition and potential.Optical Microscopy and Super Resolution
Imaging IV
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Bright field is the simplest and most widespread light microscopy modality.
However, its use in cellular biology has been limited due to lack of contrast
in the imaging of thin, transparent samples such as cells. Instead, more involved
microscopy techniques (e. g. differential interference contrast, dark field, phase
contrast, among others) have been used. An alternative to increase image
contrast is deconvolution processing, a powerful method often used in
fluorescence microscopy. However, application of deconvolution processing
to bright field images has been scarce, mainly because acquisition of the
point-spread function (PSF) has been difficult. In this work, we present direct
measurements of the point- and line-spread functions of a high-aperture micro-
scope operating in bright field. Polystyrene nanoparticles of 100 nm in diameter
and cytoskeletal microtubules serve as the point and line objects, respectively,
that are imaged with high contrast and low noise using conventional micro-
scopy plus digital image processing. To our knowledge, this is the first
report that describes the experimental assessment of these functions. Our ex-
perimental results are in good agreement with a proposed model for both
point- and line-spread functions. The measured PSF allows us to demonstrate
conventional deconvolution on the bright field images of living, unstained
796a Wednesday, February 19, 2014Escherichia coli cells, showing improved definition of cell boundaries and sub-
cellular features. Our studies provide a simple method to acquire the PSF,
making possible the extension of deconvolution beyond fluorescence to include
bright field as well.
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RNA aptamers that target specific biomolecules with high specificity are
growing in popularity due to their ease of production compared to antibodies
and their tight binding. Aptamers have uses ranging from targeted protein inhi-
bition to the creation of new fluorescent labels. One example of the latter is the
Spinach aptamer which binds 3,5-difluoro-4-hydroxybenzylidene imidazoli-
none (DFHBI) to form a fluorescent complex resembling the chromophore of
GFP. Upon binding its target, the RNA aptamercauses a conformational stabi-
lization of DFHBI resulting in a fluorescent complex. The kinetics of Spinach
aptamer binding and activation of the fluorophore have not been thoroughly
investigated. Using a novel microfluidic fast mixing device which has been
shown to have dead time for mixing of ~500 ms and be especially useful for
viscous solutions, we have examined the on-rate of the Spinach/DFHBI binding
reaction to gain an increased understanding the kinetics of aptamer-ligand
binding.
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We studied the single-molecule photo-switching properties of Dronpa, a
green photo-switchable fluorescent protein (PS-FP) and a popular marker
for photo-activated localization microscopy (PALM). We found the excita-
tion light photo-activates as well as deactivates Dronpa single molecules,
hindering temporal separation and limiting super resolution. To resolve
this limitation, we have developed a novel Dronpa variant, rsKame. The
increased steric hindrance generated by the mutation reduced the excita-
tion light-induced photo-conversion from the dark to fluorescent state. To
demonstrate the applicability of rsKame, we paired it with PAmCherry1 in
a 2-color PALM imaging method to observe the inner and outer mitochondrial
membrane structures and selectively labeled dynamin related protein 1
(Drp1), responsible for membrane scission during mitochondrial fission.
We quantified Drp1 helical ring diameters and lengths showing that the
rings undergo changes in diameter between different stages of mitochondrial
fission without significant modification of their length. These results support
the twistase model of Drp1 constriction with some loss of subunits at the
helical ends.
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Autofluorescence and other sources of background noise often limit fluores-
cence based imaging, particularly in vivo. To overcome these limitations,
we developed a wide field background-free imaging technique based on
magnetic modulation of the emission of fluorescent nanodiamonds combined
with phase-sensitive detection. Negatively charged nitrogen-vacancy (NV)centers in fluorescent nanodiamonds are fluorescent sources with remarkable
optical properties. They do not photo-bleach or blink and their fluo-
rescence emission can be modulated with a magnetic field. NVcenters have
broad excitation (~500-600 nm) and emission (~600-700 nm) spectra and
the red to near infrared emission facilitates in vivo detection. We demonstrate
in vitro and in vivo background-free imaging through the application of an
alternating magnetic field during imaging with a conventional fluorescence
microscope. Post-processing of the images to extract the modulated signal
from the background improves the signal-to-noise ratio by as much as
100-fold over conventional florescence imaging techniques. As a proof of
principle, we demonstrate in vivo background-free detection of ~100 nm fluo-
rescent nanodiamonds taken up by primary draining lymph nodes in mice.
Background-free imaging of NVcenters is readily implemented on any imag-
ing platform by combining magnetic field modulation with straightforward
image processing. We present two alternative image processing approaches
to improve the signal-to-noise of the magnetically modulated fluorescence
images.
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Hyperspectral imaging provides the potential for assessing biochemical inter-
actions in the zebrafish embryo in a label-free manner that extends beyond
conventional morphological and molecular phenotyping. It takes advantage
of the intrinsic wavelengths emitted or reflected from a sample without the
need for extrinsic staining methods. The specific spectral signature from a
sample can arise from chemical interactions, molecular bonds and macro-
structural arrangements. A challenge in hyperspectral imaging is the large spec-
tral data sets that result from acquiring a spectrum for every pixel within an
image. Spectral Phasor offers an efficient representation of the spectral data
as vectors in Fourier space, thereby condensing each spectrum into a single
point in a 2-D plot. The Spectral Phasor has been successfully applied to hyper-
spectral data on protein samples, demonstrating changes in fluorescence signa-
tures. This study proposes an application of Spectral Phasor to the zebrafish
muscle development. The skeletal muscle system provides an attractive model
for the proof-of-principle experiments in the implementation of Spectral
Phasor. Skeletal muscle is a highly organized tissue with myofibrils as the
functional unit that contributes to the repetitive segment of the myotome.
The modularity of these units provides unique landmarks for anchoring the
SP data. Our analysis of muscle suggest that SP can be used for staging the
skeletal muscle development.
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FLIM-FRET is a powerful imaging technique to study molecular interactions
and conformational changes in biological systems. However, current FLIM-
FRET techniques have difficulties to provide robust quantitative analysis of
heterogeneous protein species due to several factors arising from live cell
imaging, including low signal to noise ratio, small lifetime differences and in-
tensity imbalance between high and low FRET species. Here we present a
FRET lifetime analysis method based on frequency domain Fourier lifetime
excitation-emission matrix (FLEEM) imaging. FLEEM is a novel high-speed
multiplexed frequency-domain lifetime imaging method developed by our
group. With FLEEM, time-resolved fluorescence images of live cells can be
acquired simultaneously in multiple excitation-emission channels, including
the donor spontaneous emission, acceptor spontaneous emission induced by
direct acceptor excitation and the sensitized emission from the acceptor
induced by FRET1. Assuming a two conformation model, each protein confor-
mation has a distinct FRET efficiency, which results in two distinct donor
lifetimes. The measured average donor lifetimes in both donor spontaneous
emission and FRET-induced sensitized emission channel are population
weighted averages of these two lifetimes, readily described by a two-
dimension linear parametric function, of which weighting coefficients of two
lifetime species differ between two channels. Two FRET efficiencies corre-
sponding to low and high FRET conformation can be extracted from parametric
fitting of the experimentally measured life times. The ratio of the two confor-
mation populations can then be easily computed from the average donor
